We reported that chick embryo femur was composed of 3 kinds of chondrocytes each with a different function on the metabolism of cartilage matrix Endo, 1974) . Rounded and flattened chondrocytes, the young chondrocytes located in the epiphysis and the metaphysis of the bone, progressively mature to rather old hypertrophied cells to form a part of the diaphysis. Young chondrocytes alone synthesized proteoglycan but they lost their synthesizing activity with concomitant acquisition of degrading activity when they matured to In the course of their study of PTH effect on calcium matabolism , several investigators showed that PTH appeared to stimulate the function of the chondrocytes somewhat (Bernstein and Handler , 1958; Bronner, 1961; Guri and Bernstein, 1964; Rokkanen et al, 1967; Ulmansky and Sela , 1969; Stanescu et al, 1969) . We, therefore paid special sttention to the growth stimulatory effect of PTH and CT on the cartilage as well as the effect on the cartilage matrix-degrading activity.
Materials and Methods

Materials
The materials used for the cultivation were the femora from 9-day chick embryos. The entire mass of the bone rudiments was composed of cartilage with no sign of bone marrow formation . The femora isolated were removed completely from the adhering soft connective tissue by being carefully rotated on dried paper under a dissecting microscope. In order to minimize variation between results due to a difference in the degree of development or maturation of the cartilaginous bone rudiments , the length of the femora just ready for cultivation was settled on as 4.5-5.0 mm.
Parathyroid injection (U.S.P.) was obtained from Eli Lily Co. Ltd. and highly purified bovine PTH (1500 unit/mg) was a gift from Dr. H. Rasmussen (Univ. Pennsylvania). Salmon CT (17, 40 and 180 unit/mg) was from Teikoku Hormone Co. Ltd. and Dibutyryl cyclic AMP was from Boehringer Mannheim Co. Ltd. When the highly purified PTH was employed in the experiments, bovine serum albumin Fr. V. (Sigma, Lot 102-0150) was added to the incubation medium to make a final concentration of 0.5% as a protein carrier. Unless otherwise described, parathyroid injection (Eli Lily) was employed in the experiments because highly purified PTH and parathyroid injection had much the same effect on the femur. CT was used with 0.01 % of bovine serum albumin. H235SO4 (24 mCi/m/) was from the Japan Atomic Energy Research Institute.
Methods
The femora were cultivated for 6 days with 2 ml of chemically defined medium BGJb-HW2 (Endo, 1974) by a roller-tube method (Endo, 1960) . The pairmate culture was employed. One femur from the embryo was served as a control and the other femur was cultivated in the hormones or dibutyryl cyclic AMP-containing medium. lyzed by the procedure of Mejbaum (1939) with orcinol reaction. Hexosamine content in the femur and the medium were measured by the methed of Tsuji et al. (1969) and by the procedure of Boas (1953) , respectively.
Hydroxyproline as an index of collagen in the femur and the medium were determined by Stegemann's method (1958) and Juva & Prockop's method (1966) , respectively.
35S-labeled proteoglycan in the femur was determined by the method of Ito et al. (1960) . The determination of cyclic AMP was done by radioimmunoassay with a Yamasa cyclic AMP assay kit (Yamasa Syoyu Co. Ltd.).
Results
Effect of PTH on the cartilage matrixdegrading activity of the femur Collagen-degrading activity was not changed by PTH although slight inhibition was observed when the bones were cultivated for 6 days (Table 1) . Much the same result was obtained in the case of proteoglycan-degrading activity. When the bones were cultivated for 6 days, the proteoglycandegrading activity was 33.5% in the control and 37.5% in the PTH-treated culture.
Effect of PTH and CT on the growth of the cartilage cultivated in vitro Hydroxyproline content in the femur was increased by PTH (Table 1) . PTH also increased the hexosamine content in the femur to 1.3 times the control after 6 days' cultivation.
The dry weight increase of the femur as an indicator of general growth was also enhanced by PTH (Table 1) , suggesting that PTH has a growth-stimulating effect on the cartilage.
We therefore attempted study the growth-stimulating effect of PTH on the cartilage in greater detail.
When the femora were cultivated for 6 days, there was a striking stimulative effect on the elongation (Fig. I a) and a dry weight increase (Fig. lb) was obtained by the addition of PTH to the medium. The exposure of PTH to the cartilage led to a considerable increase in protein (Fig. lc) and hexosamine (Fig. 1d) content.
CT, a hormone antagonistic to PTH on bone resorption, also clearly stimulated the growth of cartilage (Fig. 2) .
The proteoglycan-synthesizing activity as expressed by the incorporation of radioactive inorganic sulfate was around 2.5 and 1.5 times the control in the PTH-and CTtreated bones (Table 2) .
Effect of PTH and CT dose-response relationship on the growth of the cartilage No increase was observed at 0.02 unit/ml of PTH but a slight increase (129% of con- Nine-day chick embryo femur was cultivated in a chemically defined medium with or without PTH (0.5 unit/m/) and hydroxyproline of the femur was determined at the 2nd, 4th and 6th day of culture. The medium was changed every other day and collected for the determination of hydroxyproline released into the medium from the cartilage during cultivation. trol) was seen at 0.1 unit/m/ of PTH. The maximum increase (168% of control) was obtained at 0.5 unit/m/ (Fig. 3) . On the other hand, CT dose-dependently increased the dry weight and stimulation reached 170% of the control at 1 unit/m/ of CT (Fig.3) . Synergistic effect of PTH and CT on the growth of cartilage The simultaneous addition of PTH and CT to the medium led to an increase to 1.7 times the dry weight while a 1.2 and 1.3 times increase was given by a single addition of PTH and CT, respectively (Fig.4) . Much the same effect was obtained for protein and hexosamine content (Fig.4) . Figure  1 ).
(•›) PTH-treated culture (•¢) CT-treated culture
Effect of PTH and CT on the cyclic AMP content in the femur and the growth stimulation of the femur by dibutyryl cyclic AMP PTH was known to increase the intracellular cyclic AMP in the bone and the kidney. We therefore tried to see whether the growth-stimulating effect of the hormones on the cartilage was mediated by the elevation of the cyclic AMP content.
The cyclic AMP level in the femur began to rise just after the addition of PTH and reached its maximum at 30min after which it gradually decreased to reach the control level at 6 hr after the addition of PTH (Fig. 5a) . The cyclic AMP content of the femur was not altered by the addition of CT (Fig. 5b) .
Cyclic AMP itself had a stimulative effect on the growth of the femur. The addition of dibutyryl cyclic AMP to the medium led to a considerable increase in dry weight (Fig. 6a) as well as an increase of protein (Fig. 6b) , DNA (Fig. 6c) and RNA (Fig. 6d) content of the femur. The femora were incubated with PTH (0 .5unit/ ml) or CT (0.5unit/ml) at specified intervals to measure the cyclic AMP content by radioimmunoassay. closed symbols; control, open symbols; hormone-treated culture.
Discussion
In this work, we first attempted to elucidate whether PTH has some effect on the cartilage matrix-degrading activity of the 9-day chick embryo femur because the cartilage has a peculiar matrix-degrading system Endo, 1974) and PTH regulates the bone resorption by affecting the degradation of bone matrix. Contrary to expectations, as shown in Table 1 (Rokkanen et al., 1967) . The increase in the incorporation of 35SO4--into the epiphyseal plate was also shown by the autoradiogram (Bronner, 1961; Rokkanen et al., 1967) . These in vivo studies provided us with indirect evidence that PTH might have a growth-stimulating effect on the cartilage. Bernstein and Handler (1958) biochemically indicated that the incorporation of 35 SO4--into the femora and tibia was stimulated by the injection of parathyroid extract to the rachitic rat. It was not certain, however, that the increase in radioactivity in long bones depended on the effect of parathyroid extract on the cartilage, because the incorporation of 35SO4--was determined by homogenization of whole bones i.e. both bone and cartilage. Incubation with PTH of isolated femoral and tibial epiphyses of rachitic rat resulted in increased incorporation of 35SO4--and glucose-1-14C of the cartilage (Guri and Bernstein, 1964) . All these data were obtained from the bone tissue which was composed of bone cells and chondrocytes. Iit is therefore important to know the direct effect of PTH on the homogeneous cartilaginous tissue. Nine-day chick embryo femur used in this work is composed of chondrocytes and thus the addition of the hormone to the medium gives us the direct hormonal effect on the cartilage. When the cartilages were cultivated with PTH for 6 days, increase in the length, dry weight and protein of the femur as indices of the general growth was stimulated considerably. The amount of hexosamine, one of the components of proteoglycan, was also increased by PTH. Proteoglycan-synthesizing activity estimated by incorporation of radioactive inorganic sulfate into the femur was stimulated to 250% of the control level. It is well known that CT antagonizes PTH on the bone resorption. Incubation of the cartilage with CT, however, gave much the same growth stimulation as PTH. Suzuki et al. (1976) also reported that in cell culture both PTH and CT stimulated the incorporation of radioactive sulfate into sulfated glycosaminoglycans of the chondrocytes isolated from the rib cartilage of the rat.
On the other hand, growth of the cartilage has repeatedly been confirmed to be regulated by growth hormone through the production of somatomedins or insulin-like growth factors (Daughaday, 1979) . Whether PTH and CT are also involved in such a mechanism regulating cartilage growth in living animals is a problem which remains to be solved. In this connection, Klagsbrun et al. (1977) extracted the cartilage growth foctor from bovine cartilage. PTH and CT may stimulate the production of this kind of target-tissue-derived growth factor .
It is generally accepted that PTH acts in the bone and the kidney through an increase in the intracellular cyclic AMP content. The same was the true of the cartilaginous tissue. The cyclic AMP level of the femur was elevated by PTH added to the medium. CT did not affect the cyclic AMP level, suggesting that CT stimulation of cartilage growth is different from PTH in action mechanism. A synergistic effect of PTH and CT increases the possibility .
Growth hormone-dependent serum factors increase cartilage amino acid transport by elevating the cartilage cyclic AMP level (Drezner et al., 1975) . Dibutyryl cyclic AMP itself resulted in stimulation of proteoglycan synthesis in the pelvic cartilage of chick embryos (Adamson, 1970; Drezner et al ., 1976) and the fetal rat chondrocytes (Miller et al., 1979) . In our experiment dibutyryl cyclic AMP added to the medium brought about the same degree of growth stimulation of the cartilage as PTH. Thus PTH would stimulate the growth of the cartilage through an elevation of the intracellular cyclic AMP level. It is generally accepted that cyclic AMP suppresses the proliferation of various cell lines. Miller et al. (1979) showed that dibutyryl cyclic AMP inhibited division of fetal rat chondrocytes in a monolayer culture. In our organ culture experiments, however, dibutyryl cyclic AMP clearly elevated DNA content in the cartilaginous tissue, indicating that cyclic AMP stimulated the proliferation of chondrocytes.
Dibutyryl cyclic AMP stimulated the chondrogenic differentiation of the mesoderm of the chick limb bud (Kosher et al., 1979) but inhibited the in vitro somite chondrogenic differentiation (Kosher, 1976; Kosher and Savage, 1979) . The effect of dibutyryl cyclic AMP may be dependent upon some specialized condition or type of chondrocytes.
In this paper we described the growth-stimulating effect of PTH, CT and dibutyryl cyclic AMP on the chick embryonic femur as a whole. As mentioned already the femur is composed of 3 kinds of chondrocytes at various stages of maturation.
At which stages chondrocytes are responsive to the hormones and dibutyryl cyclic AMP remains to be clarified. Studies in this series of experiments will be presented in a later report.
